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1
IMAGE SENSOR

BACKGROUND OF THE INVENTION

1. Field of Invention

The present mvention relates to an 1mage sensor and a
fabricating method thereof. More particularly, the present
invention relates to a System-On-Chip (SOC) 1mage sensor
having high fill-factor and a fabricating method thereof.

2. Description of Related Art

Image sensors have been widely used 1n various electronic
devices, such as web-cameras, mobile phones with built-in
camera, digital still cameras (DSC), and digital video cam-
eras (DV). Typically, image sensors are mainly classified into
CCD mmage sensors and CMOS 1mage sensors. In recent
years, concept of System-On-Chip (SOC) 1s gradually 1ntro-
duced into 1mage sensors. Since CMOS 1mage sensors can be
tabricated using standard CMOS processes, it 1s possible to
integrate CMOS 1mage sensors with digital and analog signal
processing circuitry.

FIG. 1 1s a schematic cross-sectional view of a conven-
tional CMOS 1mage sensor. Referring to FIG. 1, the conven-
tional CMOS 1mage sensor 100 includes a substrate 110, an
interconnection layer 120 disposed on the substrate 110, a
color filter array 130 disposed on the interconnection layer
120, and a micro-lens array 140 disposed on the color filter
array 130. The substrate 110 includes a plurality of 1solation
regions 112, a plurality of active regions 114 defined by the
1solation regions 112, a plurality of CMOS transistors 116
formed on the active regions 114, and a plurality of photo-
diodes 118 formed in the active regions 114. The intercon-
nection layer 120 includes a plurality of insulating films 122
and a plurality of metal films 124 stacked on the substrate 110
alternately. The color filter array 130 includes a plurality of
color filters 130R for red light penetration, 130G for green
light penetration and 130B for blue light penetration. Addi-
tionally, the micro-lens array 140 includes a plurality micro-
lens 142, wherein each micro-lens 142 1s located on one of the
color filters 130R, 130G and 130B, respectively.

There are two major drawbacks for the conventional
CMOS mmage sensor. Firstly, the fill-factor, 1.e., the ratio of
the sensitive area of photo diode 118 to the area of the pixel
114, 1s low. That 1s because the photo diode 118 and 4 tran-
sistors 116 1n a pixel are fabricated on the same silicon sub-
strate, as shown 1n FIG. 1. Low fill-factor would decrease the
signal-to-noise ratio (S/N), deteriorating the quality of the
image. This limitation becomes severer with the CMOS tech-
nology upgrade or pixel scaling down. Secondly, the conven-
tional CMOS 1mage sensor has thickness and metal layers
limitation for the interconnection 120. In order to reduce light
R (or G, B) loss before reaching at the photo diode 118 and to
suppress the crosstalk between two neighbor pixel 114, the
vertical distance between the photo-diode 118 and the color
filter array 130 1s required to be kept at about 4 micrometers
or less. That means both CMOS 1mage sensor and the other
circuit parts of SOC can only use at most four layers of metal
films 124 for interconnection. In addition, light R (or G, B)
scattering and absorption 1s severer at low-permittivity-di-
clectric/barrier-dielectric interfaces 1n region 120 for <=0.13
um Cu/low-k process. These would cause decreases 1n both
S/N and photo sensitivity.

U.S. Pat. No. 6,902,946B2, entitled “Simplified Upper
Electrode Contact Structure For PIN Diode Active Pixel Sen-

sor”’, and U.S. Pat. No. 6,018,187A, “entitled “Elevated PIN

Diode Active Pixel Senor Including a Unique Interconnection
Structure”, discloses a elevated PIN diode sensor, 1n which

the PIN diode 1s located above the image processing circuitry.
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However, sensors share a common P-type amorphous silicon
layer. This would result 1n crosstalk between the adjacent
SENsors.

SUMMARY OF THE INVENTION

The present invention provides an 1mage sensor and a
method for fabrication to solve the above-mentioned prob-
lems.

As embodied and broadly described herein, the imvention
provides an 1mage sensor. The image sensor includes a sub-
strate having a plurality of semiconductor devices formed
thereon, an interconnection layer disposed on the substrate,
and a plurality of 1solated photo-diodes embedded in the
interconnection layer, wherein the 1solated photo-diodes are
located above the semiconductor devices and electrically
connected to the semiconductor devices through the intercon-
nection layer.

In an embodiment of the present invention, the semicon-
ductor devices include metal-oxide-semiconductor transis-
tors, bipolar junction transistors, memories, and other devices
that a SOC needed.

In an embodiment of the present invention, the intercon-
nection layer includes a plurality of interlayer insulating
f1lms, a plurality of interlayer conductive films, a top insulat-
ing layer, and a top conductive layer. The interlayer insulating
films and the interlayer conductive films are stacked on the
substrate alternately, such that the isolated photo-diodes are
disposed on and electrically connected to a topmost layer of
the interlayer conductive films. The top insulating layer 1s
disposed on the topmost layer of the interlayer conductive
films, wherein the 1solated photo-diodes are covered by the
top isulating layer. The top conductive layer 1s embedded in
the top insulating layer and electrically connected to one
clectrode of the 1solated photo-diodes.

In an embodiment of the present invention, the interlayer
conductive films 1nclude reflective films.

In an embodiment of the present invention, the iterlayer
conductive films include a plurality of connective patterns
arranged 1n multiple layers. Under the photo-diodes, any gaps
between interlayer conductive films keeps as small as pos-
sible, and add dummy interlayer conductive films so that the
overlap area between upper conductive pattern and lower
conductive pattern as large as possible.

In an embodiment of the present invention, the top mnsulat-
ing layer has a plurality of trenches for exposing periphery of
the top amorphous silicon layer of each i1solated photo-diode
and a plurality of dual damascene contact openings for expos-
ing the interlayer conductive films, and the top conductive
layer includes a common electrode disposed 1n the trenches
and a plurality of bonding pads disposed 1n the dual dama-
scene contact openings, wherein the common electrode 1s
clectrically connected to periphery of the top amorphous
silicon layer of each of the 1solated photo-diodes and the
bonding pads are electrically connected to the interlayer con-
ductive films. In a preferred embodiment of the present inven-
tion, the common electrode 1s a reticular electrode with a
plurality of squared openings, such that each of the isolated
photo-diodes 1s located below one of the squared openings
respectively. The common electrode may be electrically con-
nected to ground or circuits through a top conductive layer
interconnections.

In an embodiment of the present invention, each of the
isolated photo-diodes includes a bottom amorphous silicon
layer disposed on and electrically connected to the topmost
layer of the iterlayer conductive films, an intrinsic amor-
phous silicon layer disposed on the bottom amorphous silicon
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layer, and a top amorphous silicon layer disposed on the
intrinsic amorphous silicon layer and electrically connected
to the common electrode. In a preferred embodiment of the
present invention, the top amorphous silicon layer may be an
n-type amorphous silicon layer, while the bottom amorphous
silicon layer may be a p-type amorphous silicon layer. Alter-
natively, the top amorphous silicon layer may be a p-type
amorphous silicon layer, while the bottom amorphous silicon
layer may be an n-type amorphous silicon layer.

In an embodiment of the present invention, the 1image sen-
sor may further include a protection layer disposed on the
interconnection layer.

In an embodiment of the present invention, the 1mage sen-
sor may further include a color filter array located above the
1solated photo-diodes.

In an embodiment of the present invention, the 1image sen-
sor may further include a micro-lens array located above the
1solated photo-diodes.

As embodied and broadly described herein, the mvention
provides a method for fabricating an image sensor. The
method mcludes the following steps. First, a substrate having,
a plurality of semiconductor devices formed thereon 1s pro-
vided. A plurality of interlayer insulating films and a plurality
ol interlayer conductive films are formed on the substrate
alternately, wherein the interlayer conductive films are elec-
trically connected to the semiconductor devices. Then, a plu-
rality of 1solated photo-diodes are formed on a topmost layer
of the mterlayer conductive films, wherein one electrode of
the 1solated photo-diodes are electrically connected to a top-
most layer of the interlayer conductive films. A top insulating,
layer 1s formed on the topmost layer of the interlayer conduc-
tive f1lms, wherein the 1solated photo-diodes are covered by
the top insulating layer. A top conductive layer 1s formed in
the top 1nsulating layer, wherein the top conductive layer 1s
clectrically connected to another electrode of the 1solated
photo-diodes.

In an embodiment of the present invention, the 1solated
photo-diodes may be formed by following steps. First, a
bottom amorphous silicon layer 1s formed on the topmost
layer of the interlayer conductive films, an intrinsic amor-
phous silicon layer 1s then formed on the bottom amorphous
silicon layer, and a top amorphous silicon layer 1s formed on
the intrinsic amorphous silicon layer. Then, a narrow trench 1s
formed by using a photolithographic and 1sotropic etch pro-
cess to form 1solated photo-diodes.

In an embodiment of the present invention, the amorphous
layers of the photo diode, 1.¢., the top amorphous silicon layer,
the intrinsic amorphous silicon layer and the bottom amor-
phous silicon may be formed by plasma enhanced chemical
vapor deposition (PECVD), or sputter process.

In an embodiment of the present invention, the top msulat-
ing layer may be formed by following steps. First, a rapid
thermal process 1s performed to form a silicon oxide layer
with high quality on the sidewall of the 1solated photo-diodes.
Then, a planarization layer 1s formed to cover the high quality
s1licon oxide layer and fill a space between the 1solated photo-
diodes. Ultimately, a plurality of trenches and a plurality of
dual damascene contact openings are formed in the high
quality silicon oxide layer and the planarization layer,
wherein periphery of the top amorphous silicon layer of each
1solated photo-diode 1s exposed by the trenches and the top-
most layer of the interlayer conductive films are exposed by
the dual damascene contact openings.

In an embodiment of the present invention, the high quality
s1licon oxide layer may be formed by atomic layer chemical
vapor deposition (ALCVD) or low temperature rapid thermal
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process, such as in-situ steam generation (ISSG) oxidation
process and photo-enhanced low temperature rapid thermal
process.

In an embodiment of the present invention, the planariza-
tion layer may be formed by atmospheric pressure chemical
vapor deposition (APCVD), plasma enhanced chemical

vapor deposition (PECVD), or high density plasma chemical
vapor deposition (HDPCVD).

In an embodiment of the present invention, the step of
forming the top conductive layer may include the step of
forming a common electrode 1n the trenches, top interconnect
lines and a plurality of bonding pads 1n the dual damascene
contact openings simultaneously, wherein the common elec-
trode 1s electrically connected to all the top electrode of the
1solated photo-diodes and the bonding pads are electrically
connected to the interlayer conductive films. The top inter-
connect lines may connect to the mterlayer conductive films
and/or the common electrode of the photo diode.

In an embodiment of the present invention, the fabricating
method further includes a step of forming a protection layer
on the interconnection layer.

In an embodiment of the present invention, the fabricating
method further includes an optional step, forming a color
filter array above the 1solated photo-diodes.

In an embodiment of the present invention, the fabricating
method further includes an optional step, forming a micro-
lens array above the 1solated photo-diodes.

Since the 1solated photo-diodes of the present invention are
embedded 1n the interconnection layer and located above the
semiconductor devices, fill-factor of the 1solated photo-di-
odes 1s neither restricted by the semiconductor devices
formed on the substrate nor the layout density of the interlayer
conductive films. The fill-factor 1s merely relevant to the line
width of the top conductive layer. Secondly, since the inter-
layer conductive films of the present invention are located
below the 1solated photo-diodes. The total interconnection
thickness, the number of conductive layers, and the species of
the inter-metal dielectrics do nothave any effects onthe photo
response of the photo diode. The interconnection layer can be
chosen based on the requirement of the interconnection of the
logic, analog or RF circuits used 1n a SOC. Therefore, the
image sensor and the fabricating method thereof discussed 1n
the present invention facilitate fabrication of the SOC 1mage
SENSor.

One or part or all of these and other features and advantages
ol the present invention will become readily apparent to those
skilled in this art from the following description wherein there
1s shown and described a preferred embodiment of this mnven-
tion, simply by way of 1illustration of one of the modes best
suited to carry out the invention. As it will be realized, the
invention 1s capable of different embodiments, and 1ts several
details are capable of modifications 1n various, obvious
aspects all without departing from the invention. Accord-

ingly, the drawings and descriptions will be regarded as 1llus-
trative 1n nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1 1s a schematic cross-sectional view ot a conven-
tional CMOS 1mage sensor.
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FIG. 2 1s a schematic cross-sectional view of a CMOS
image sensor according to the first embodiment of the present
invention.

FIG. 3 1s a schematic top view of a CMOS 1mage sensor
according to a preferred embodiment of the present invention.

FI1G. 4 1s a schematic cross-sectional view of the intercon-
nection layer according to a preferred embodiment of the
present invention.

FIG. 5 1s a schematic cross-sectional view of the top 1nsu-
lating film according to a preferred embodiment of the
present invention.

FIG. 6 1s a schematic cross-sectional view of a CMOS
image sensor according to the second embodiment of the
present invention.

FIG. 7 1s a schematic cross-sectional view of a CMOS
image sensor according to the third embodiment of the
present invention.

FIG. 8 1s a flow diagram of a fabricating method of a
CMOS mmage sensor according to an embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An 1mage sensor with high fill-factor and compatible to
system-on-chip 1s disclosed 1n the present invention. In the
image sensor ol the present mnvention, photo-diodes are
embedded 1n an interconnection layer, such that incident light
being received by the photo-diodes would not be scattered by
the dielectric interfaces and absorbed by dielectrics in inter-
connection layer region. Therefore, the fill-factor of the
image sensor of the present invention 1s merely relevant to one
or more conductive layer (e.g. a top conductive layer) of the
interconnection layer that 1s disposed above the photo-diodes.
Since the interlayer conductive films of the iterconnection
layer are located below the photo-diodes and more than four
layers of interlayer conductive films can be formed 1n the
interconnection layer without deteriorating the properties of
the photo-diodes, digital and analog signal processing cir-
cuitry can be easily mtegrated into the interlayer conductive
films of the interconnection layer. Therefore, the concept of
embedded photo-diodes according to the present invention
tacilitates production of SOC 1mage sensors.

First Embodiment

FIG. 2 1s a schematic cross-sectional view of a CMOS
image sensor according to the first embodiment of the present
invention. Referring to FIG. 2, an image sensor 200 of the
present embodiment includes a substrate 210 (e.g. silicon
substrate) having a plurality of semiconductor devices 212
formed thereon, an interconnection layer 220 disposed on the
substrate 210, and a plurality of i1solated photo-diodes 230
embedded 1n the interconnection layer 220, wherein the 1so-
lated photo-diodes 230 are located above the semiconductor
devices 212 and electrically connected to the semiconductor
devices 212 through the interconnection layer 220.

In the present embodiment, the semiconductor devices 212
include metal-oxide-semiconductor transistors, bipolar junc-
tion transistors, and memories. It should be noted that the
semiconductor devices 212 formed on the substrate 210 1s not
limited to the transistors for processing the photo-electronic
signal of the photo-diode, other analog and logical circuitry
and memories 1mtegrated by active components and passive
components (e.g. capacitors, resistors, inductors etc.) can be
formed on the substrate 210 also. In order to facilitate pro-
duction of SOC 1mage sensors, some semiconductor devices
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6

(c.g. transistors, memories, capacitors, resistors, inductors
etc.) 1in the digital and analog signal processing circuitry can
be fabricated on the same substrate 210 (no show 1n FIG. 2).

As shown 1n FIG. 2, the interconnection layer 220 includes
a plurality of interlayer insulating films 222, a plurality of
interlayer conductive films 224, a top insulating layer 226,
and a top conductive layer 228. The interlayer insulating films
222 and the interlayer conductive films 224 are stacked on the
substrate 210 alternately. The top insulating layer 226 1s
tformed on the topmost layer of the interlayer conductive films
224, wherein the 1solated photo-diodes 230 are covered by the
top insulating layer 226. The top conductive layer 228 1s
embedded 1n the top mnsulating layer 226 and the top conduc-
tive layer 228a electrically connected to the top amorphous
silicon layer 236 of the i1solated photo-diodes 230. In the
present embodiment, the interconnection layer 220 may have
more than three layers of interlayer conductive films 224 such
that the interconnection layer 220 may have more than four
layers of conductive films (1.e. one top conductive film 228
plus more three iterlayer conductive films 224). In the
present embodiment, the digital and analog signal processing
circuitry can be easily integrated into the interconnection
layer 220 and the substrate 210 even though the digital and
analog signal processing circuitry 1s complicated. When the
digital and analog signal processing circuitry 1s complicated
and requires being constructed by several conductive films,
the total thickness of the interconnection layer 220 1s
increased significantly. However, the properties, e.g. photo-
sensitivity and signal-to-noise ratio, of the isolated photo-
diodes 230 would not be influenced by the increased thick-
ness of the interconnection layer 220. In addition, metal-
insulator-metal capacitor can be Tfabricated 1n the
interconnection layer 220, and inductor can be formed by
using top conductive film 228 and interlayer conductive films
224 (not show 1n FIG. 2). After formation of interconnection
layer 220, a protection layer 240 1s disposed on it. In the
present embodiment, the protection layer 240 1s composed of
a s1licon nitride or silicon oxy-nitride layer 240a and a silicon
oxide layer 240b.

FIG. 3 1s a schematic top view of a CMOS 1mage sensor
according to a preferred embodiment of the present invention.
Referring to FIG. 2 and FIG. 3, the top msulating layer 226
has a plurality of trenches 2264a for exposing periphery of the
top amorphous silicon layer 236 of each 1solated photo-diode
230 and a plurality of dual damascene contact openings 2265
for exposing the interlayer conductive films 224. Correspond-
ingly, the top conductive layer 228 includes a common elec-
trode 228a disposed 1n the trenches 2264, a plurality of top
interconnect lines (not shown) and a plurality of bonding pads
228b disposed 1n the dual damascene contact openings 2265,
wherein the common electrode 228a 1s electrically connected
to periphery of the top amorphous silicon layer 236 of each of
the 1solated photo-diodes 230 and the bonding pads 2285 are
clectrically connected to the interlayer conductive films 224.
In the present embodiment, the common electrode 2284 1s a
reticular electrode with a plurality of squared openings
(shown 1n FIGS. 2 and 3), such that each of the isolated
photo-diodes 230 1s located below one of the squared open-
ings respectively. Additionally, the common electrode 228a
may be made of copper, aluminum, tungsten, or other con-
ductive materials.

As shown in FI1G. 2, each of the 1solated photo-diodes 230
includes a bottom amorphous silicon layer 232 disposed on
and electrically connected to the topmost layer of the inter-
layer conductive films 224, an intrinsic amorphous silicon
layer 234 disposed on the bottom amorphous silicon layer
232, and a top amorphous silicon layer 236 disposed on the
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intrinsic amorphous silicon layer 234 and electrically con-
nected to the common electrode 228a. Specifically, the com-
mon electrode 228a 1s electrically connected to periphery of
the top amorphous silicon layer 236 and the topmost layer of
the interlayer conductive films 224 1s electrically connected
to a bottom surface of the bottom amorphous silicon layer
232. The thickness of the intrinsic amorphous silicon layer
234, and the thickness and doping concentration in the bottom
amorphous silicon layer 232 and the top amorphous silicon
layer 236 can be adjusted to optimize the opti-electrical char-
acteristics during the PECVD process or sputtering process.

FI1G. 4 1s a schematic cross-sectional view of the intercon-
nection layer according to a preferred embodiment of the
present invention. In the present embodiment, the interlayer
conductive films 224 may be reflective films, such as alumi-
num films, copper films, or combination thereot. Specifically,
the topmost layer of the interlayer conductive films 224 may
be made of aluminum or other conductive materials with
excellent reflectivity, while the other interlayer conductive
films 224 may be made of aluminum, copper or other con-
ductive materials with small resistivity. In order to prevent
stray light L1 from 1rradiating on the substrate 210, the inter-
layer conductive films 224 include a plurality of connective
patterns 224q arranged 1n multiple layers. Additionally, a gap
224b between any two adjacent conductive patterns 224q 1n
an upper layer 1s located above one of the connective patterns
224a 1n a lower layer next to the upper layer, and the connec-
tive patterns 224q 1n the lower layer overlap with the conduc-
tive patterns 224a 1n the upper layer. (1.e., keep the gap as
small as possible and the overlap area as large as possible
between the upper conductive layer and the lower conductive
layer.) When the stray light L1 passing through the gap 22456
between any two adjacent conductive patterns 224aq 1n an
upper layer, the stray light L1 1s reflected by one of the
connective patterns 224a 1n a lower layer next to the upper
layer, such that the stray light L1 can be reflected and con-
ducted between connective patterns 224q arranged 1n differ-
ent layers. After the stray light L1 1s reflected by the connec-
tive patterns 224a, intensity of the stray light L1 can be
reduced gradually. Therefore, the stray light L1 can hardly
irradiate on the substrate 210 and the circuitry noise can be
significantly reduced.

FIG. 5 1s a schematic cross-sectional view of the top 1nsu-
lating film according to a preferred embodiment of the
present invention. In order to ensure electrical insulation
between each isolated photo-diodes 230, the top nsulating
film 226 1s formed to {ill the space between the 1solated
photo-diodes 230. The detail structure of the top nsulating,
f1lm 226 1s described hereinatter.

The top msulating film 226 includes a high quality silicon
oxide layer 226¢ formed on the surface and sidewall of the
isolated photo-diodes 230 and a planarization layer 2264
tormed to cover the high quality silicon oxide layer 226¢ and
{111 the space between the 1solated photo-diodes 230. The high
quality silicon oxide layer 226¢ may be formed by deposition
or rapid thermal process. The planarization layer 2264 may

turther include an APCVD silicon dioxide layer 2264 and a
PECVD silicon dioxide layer 2264" formed over the APCVD
silicon dioxide layer 2264" and be planarized by chemical-
mechanical-polish (CMP). In a preferred embodiment, the
thickness of the high quality silicon oxide layer 226c¢ 1s about
30 angstroms to 100 angstroms.

After formation of the top insulating layer 226, a protection
layer 240 1s disposed on 1t. In the present embodiment, the
protection layer 240 1s composed of a silicon nitride or silicon
oxy-nitride layer 240aq and a silicon oxide layer 2405. The
s1licon nitride or silicon oxy-nitride layer 240a can be formed
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by PECVD method. The oxide layer 2405 can be formed
cither by PECVD or APCVD. In a preferred embodiment,
both the thickness of the silicon nitride layer 240q and the
silicon oxide layer 2406 1s about 1000 angstroms to 3000
angstroms.

Second Embodiment

FIG. 6 1s a schematic cross-sectional view of a CMOS
image sensor according to the second embodiment of the
present invention. The image sensor 200a of the present
embodiment 1s similar with the image sensor 200 shown 1n
FIG. 2 except that the image-sensor 200a further includes a
color filter array 250 located above the protection layer 240
and the 1solated photo-diodes 230. The color filter array 250
includes a plurality of color filters 250R, 250G and 250B for

light penetration of red, green and blue, respectively.

Third Embodiment

FIG. 7 1s a schematic cross-sectional view of a CMOS
image sensor according to the third embodiment of the
present invention. The image sensor 2005 of the present
embodiment 1s similar with the image sensor 200a shown 1n
FIG. 6 except that the image sensor 2006 further includes a
micro-lens array 260. In the present embodiment, the micro-
lens array 260 includes a plurality micro-lens 262, wherein
cach micro-lens 262 1s located on one of the color filters

250R, 250G and 250B, respectively.

Fourth Embodiment

FIG. 8 1s a flow diagram of a fabricating method of a
CMOS mmage sensor according to an embodiment of the
present invention. Referring to FIG. 8, the fabricating method
of a CMOS mmage sensor icludes step 300, step 310, step
320, step 330, step 340, and step 350.

Referring to FIG. 7 and step 300 1n FIG. 8, a substrate 210
having a plurality of semiconductor devices 212 formed
thereon 1s provided. Specifically, the substrate 210 used may
be a silicon substrate or other semiconductor substrate. The
semiconductor devices 212 formed on the substrate 210 may
be fabricated by prior art CMOS processes.

Referring to FIG. 7 and step 310 1n FIG. 8, a plurality of
interlayer insulating films 222 and a plurality of interlayer
conductive films 224 are formed on the substrate 210 alter-
nately. Specifically, the bottommost layer of the interlayer
conductive films 224 1s formed on the substrate 210 to cover
the semiconductor devices 212 first. Then the interlayer con-
ductive films 224 and the interlayer insulating films 222 are
alternately formed over the bottommost layer of the interlayer
conductive films 224.

Referring to FIG. 7 and step 320 in FIG. 8, after the inter-
layer msulating films 222 and the interlayer conductive films
224 are formed, the 1solated photo-diodes 230 are formed on
and electrically connected to the topmost layer of the inter-
layer conductive films 224. In an embodiment of the present
invention, the 1solated photo-diodes 230 may be formed by
following steps. First, a bottom amorphous silicon layer 232
1s formed on the topmost layer of the interlayer conductive
films 224. Then, an 1ntrinsic amorphous silicon layer 234 1s
formed on the bottom amorphous silicon layer 232. Ulti-
mately, a top amorphous silicon layer 236 1s formed on the
intrinsic amorphous silicon layer 234. The bottom amorphous
silicon layer 232, the intrinsic amorphous silicon layer 234
and the top amorphous silicon layer 236 may be formed by
deposition and etching processes.
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Referring to FIG. 5, FIG. 7 and step 330 1n FI1G. 8, after the
1solated photo-diodes 230 are formed, a top insulating layer
226 1s formed on the topmost layer of the interlayer conduc-
tive films 224, such that the 1solated photo-diodes 230 can be
covered by the top 1nsulating layer 226 both on top surface
and sidewall surface. Specifically, the top insulating layer 226
1s formed on the topmost layer of the interlayer conductive
f1lms 224, wherein the 1solated photo-diodes 230 are covered
by the top msulating layer. In the present embodiment, the top
insulating layer 226 may be formed by following steps. First,
a high quality silicon oxide 226¢ 1s formed (shown in FIG. 5)
on the surface and sidewall of the 1solated photo-diodes 230.
Then, a planarization layer 226d (shown 1n FIG. 5) 1s formed
to cover the high quality silicon oxide layer 226¢ and fill a
space between the 1solated photo-diodes 230. More prefer-
ably, the planarization layer 2264 may be formed by sequen-
tially depositing a high quality silicon oxide layer 226¢ and a
planarization layer 2264 (shown in FIG. 5). Ultimately, a
plurality of trenches 226a and a plurality of dual damascene
contact openings 2265 are formed 1n the high quality silicon
oxide layer 226c¢ and the planarization layer 2264, wherein
periphery of the top amorphous silicon layer of each 1solated
photo-diode 230 1s exposed by the trenches 226a and the
topmost layer of the interlayer conductive films 224 are
exposed by the dual damascene contact openings 2265. Addi-
tionally, the trenches 226a and the dual damascene contact
openings 2265 are formed by dual damascene process.

In a preferred embodiment, the high quality silicon oxide
layer 226¢ can be formed by low temperature atomic layer
chemical vapor deposition (ALCVD) or low temperature
rapid thermal process, such as in-situ steam generation
(ISSG) oxidation process and photo-enhanced low tempera-
ture rapid thermal process. The purpose of using low tem-
perature process 1s not to atiect the properties of the photo-
diode and the CMOS circuitries. If using low temperature
rapid thermal process, a thin protection silicon oxide or
nitride can be used to cover the topmost layer of the interlayer
conductive films 224 outside the diode region 230 before the
photo diode 230 formation. The planarization layer 2264 may
be formed by atmospheric pressure chemical vapor deposi-
tion (APCVD) and plasma enhanced chemical vapor deposi-
tion (PECVD). Specifically, the planarization layer 2264 may
include an APCVD silicon dioxide layer 2264" and a PECVD
silicon dioxide layer 2264" formed by atmospheric pressure
chemical vapor deposition (APCVD) and plasma enhanced
chemical vapor deposition (PECVD), respectively.

Referring to FIG. 7 and step 340 1n FIG. 8, atop conductive
layer 228 1s formed and embedded 1n the top mnsulating layer
such that the top conductive layer 228 can be electrically
connected to the 1solated photo-diodes 230. In an preferred
embodiment of the present invention, the step of forming the
top conductive layer 228 may include the step of forming a
common electrode 228a 1n the trenches 226a and a plurality
of bonding pads 2285 1n the dual damascene contact openings
2260 simultaneously, wherein the common electrode 228a 1s
clectrically connected to all of the 1solated photo-diodes 230
and the bonding pads 2285 are electrically connected to the
interlayer conductive films 224.

After forming the top conductive layer 228, a protection
layer 240 1s formed on the interconnection layer 220. The
protection layer 240 may be made of silicon dioxide, silicon
nitride, or other insulating materials. Additionally, the pro-
tection layer 240 may be formed by CVD process.

It should be noted that the fabricating method may option-
ally include step 360, and/or step 370. Referring to FIG. 7 and
step 360 1n FIG. 8, after forming the protection layer 240, a
color filter array 250 including color filters 250R, 250G and
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250B may be formed above the 1solated photo-diodes 230.
The color filters 250R, 250G and 250B may be made of
photo-resist layers which convert light into different light
beams with different wavelengths, respectively.

Referring to FIG. 7 and step 370 1n FI1G. 8, after forming the
protection layer 240 or the color filter array 250, a micro-lens
array 260 including a plurality of micro-lens 262 1s formed
above the 1solated photo-diodes 230.

As described above, the present invention at least provides
the following advantages:

In the 1mage sensor of the present invention, thickness of
the interconnection layer 1s not limited such that the image
sensor ol the present ivention can be easily integrated
together with any logic, analog and memory circuitries.
Therefore, CMOS 1mage sensor SOC can be fabricated eas-
ily.

Since the photo diode of the 1image sensor 1s fabricated
above the MOS devices, logic, mix-mode and memory cir-
cuitries, the photo diode can use almost whole chip area
except for bonding PAD area. In other words, the size of the
CMOS mmage sensor SOC chip can be reduced significantly.

The fill-factor of the conventional CMOS 1mage sensor 1s
limited by the size and number of the pixel transistors since
both the pixel transistors and photo diodes are fabricated on
the silicon surface, e.g., less than 40% {for sub-0.18 um
CMOS technology and reduces as chip scaling down. On the
contrary, the fill-factor of the image sensor of the present
invention 1s related to the size of the common metal electrode
or the width of the photo diode 1solation. Therefore, typical
f1ll-factor of the CMOS 1mage sensor 1n the present invention
1s larger than 80% even as chip scaling down.

The conventional sensor photo diodes share the same
P-type crystal silicon layer, and the U.S. Pat. No. 6,902,946
invented diodes share the same P-type amorphous silicon
layer. In those prior arts, the crosstalk between two neighbor
sensors due to the common silicon layer 1s severe. This kind
of crosstalk can be eliminated in the present invention
because all the photo diodes are 1solated by high quality
s1licon oxide layers. As for the crosstalk induced by incident
light, the 1mage sensor of the present invention can reduce 1t
(crosstalk) through adjusting the thickness of the common
metal electrode.

The fabrication method 1n the present invention 1s easy to
be implanted. Only one additional mask for the photo diode
1solation 1s needed. The opto-electronic characteristics of the
photo-diode can be tuned by adjusting the thickness and
doping concentration of each amorphous silicon layer, which
have not any effects on the CMOS device fabricated on the
s1licon water. For the conventional CMOS 1mage sensor pro-
cess, tuning the properties of the photo diodes 1s a challenge.
That1s because the diodes share the same thermal budget with
the CMOS devices and the sidewall of the diodes share the
same bottom region with the pixel transistors.

The foregoing description of the preferred embodiment of
the present invention has been presented for purposes of
illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise form or to exemplary
embodiments disclosed. Accordingly, the foregoing descrip-
tion should be regarded as illustrative rather than restrictive.
Obviously, many modifications and variations will be appar-
ent to practitioners skilled in this art. The embodiments are
chosen and described in order to best explain the principles of
the mvention and its best mode practical application, thereby
to enable persons skilled 1n the art to understand the invention
for various embodiments and with various modifications as
are suited to the particular use or implementation contem-
plated. It 1s intended that the scope of the invention be defined
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by the claims appended hereto and their equivalents 1n which
all terms are meant in their broadest reasonable sense unless
otherwise indicated. It should be appreciated that variations
may be made in the embodiments described by persons
skilled 1n the art without departing from the scope of the
present invention as defined by the following claims. More-
over, no element and component 1n the present disclosure 1s
intended to be dedicated to the public regardless of whether
the element or component 1s explicitly recited in the follow-
ing claims.

What is claimed 1s:

1. An 1mage sensor, comprising:

a substrate having a plurality of semiconductor devices
formed thereon:;

an 1nterconnection layer disposed on the substrate; and

a plurality of 1solated photo-diodes embedded 1n the inter-
connection layer, wherein the 1solated photo-diodes are
located above the semiconductor devices and electri-
cally connected to the semiconductor devices through
the interconnection layer.

2. The image sensor as claimed in claim 1, wherein the
semiconductor devices comprise metal-oxide-semiconductor
transistors, bipolar junction transistors, and memories.

3. The image sensor as claimed in claim 1, wherein the
interconnection layer comprises:

a plurality of interlayer msulating films;

a plurality of interlayer conductive films, wherein the inter-
layer insulating films and the interlayer conductive films
are stacked on the substrate alternately, such that the
1solated photo-diodes are disposed on and electrically
connected to atopmost layer of the interlayer conductive
films:

a top insulating layer disposed on the topmost layer of the
interlayer conductive films, wherein the 1solated photo-
diodes are covered by the top msulating layer; and

a top conductive layer embedded in the top insulating layer
and electrically connected to the 1solated photo-diodes.

4. The 1mage sensor as claimed in claim 3, wherein the
topmost layer of the interlayer conductive films comprise
reflective films.

5. The 1mage sensor as claimed in claim 3, wherein the
interlayer conductive films comprise a plurality of connective
patterns arranged in multiple layers.

6. The image sensor as claimed 1n claim S, wherein a gap
between any two adjacent conductive patterns 1n an upper
layer 1s located above one of the connective patterns 1n a lower
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layer next to the upper layer, and the connective patterns in the
lower layer overlap with the conductive patterns 1n the upper
layer.

7. The image sensor as claimed 1n claim 3, wherein the top
insulating layer has a plurality of trenches for exposing
periphery of a top amorphous silicon layer of each isolated
photo-diode and a plurality of dual damascene contact open-
ings for exposing the interlayer conductive films, and the top
conductive layer comprises:

a common electrode disposed in the trenches and electri-
cally connected to periphery of the top amorphous sili-
con layer of each the 1solated photo-diode; and

a plurality of bonding pads disposed 1n the dual damascene
contact openings and electrically connected to the inter-
layer conductive films.

8. The 1mage sensor as claimed in claim 7, wherein the
common electrode 1s a reticular electrode with a plurality of
squared openings, such that each of the 1solated photo-diodes
1s located below one of the squared openings respectively.

9. The image sensor as claimed in claim 7, wherein each of
the 1solated photo-diodes comprises:

a bottom amorphous silicon layer disposed on and electri-
cally connected to the topmost layer of the interlayer
conductive films;

an ntrinsic amorphous silicon layer disposed on the bot-
tom amorphous silicon layer; and

a top amorphous silicon layer disposed on the intrinsic
amorphous silicon layer and electrically connected to
the common electrode.

10. The image sensor as claimed 1n claim 9, wherein the
common electrode 1s electrically connected to periphery of
the top amorphous silicon layer of the photo diode, and the
topmost layer of the interlayer conductive films 1s electrically
connected to a bottom surface of the bottom amorphous sili-
con layer of the photo diode.

11. The image sensor as claimed 1n claim 1, further com-
prising a protection layer disposed on the interconnection
layer.

12. The image sensor as claimed in claim 1, further com-
prising a color filter array located above the 1solated photo-
diodes.

13. The image sensor as claimed in claim 1, further com-

prising a micro-lens array located above the 1solated photo-
diodes.
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